. It is also coltunonly kept as a domestic bird in Europe and North America.
Conspicuous dinerences have been observed between the drinking behavior of the native and the domesticated birds. The native zebra finches have been observed to drink saline solution up to 0.7 M NaCl (13), suggesting a renal concentrating ability of at least 1400 mosM; on the other hand, the domesticated zebra finches only drink saline solutions up to 0.345 M NaCl (2, 11). D omesticated zebra Iinches also only have a maximal renal concentrating ability of 700 mosM (18), but yet they can live without access to water when fed dry seeds alone (2, 13, 19) . These findings suggest a difference in renal concentrating ability between the two groups and an unusual adaptation to water deprivation, particularly in the domesticated birds. The first object of the present study was to measure the renal concentrating ability of Australian zebra finches, after confirming the ability to drink concentrated saline solutions. Second, the aspects of salt and water metabolism that enabled the birds to withstand dehydration were investigated. It was found that the Australian zebra finch does drink salinities as high as 0.8 M NaCl, but the maximal urine osmolality was considerably lower than the osmolality of the fluids being drunk. This prompted an investigation of salt and water turnover in these birds. The ability to drink fluids more concentrated than urine seems related to the fact that the intake of highly concentrated solutions is small compared with the total water turnover of the dehydrated bird.
MATERIAL AYD METHODS
Birds. Zebra finches (mean body wt 13.4 g) were caught at Mileura Station, 800 km NE of Perth (lat. 26*22'S, long. 117"20'E),
The average annual rainfall is around 175 mm and the mean maximal temperature is 38°C in February. (For further description of the location see Davies (4) .) The birds were transferred to Perth and kept at a constant temperature of 23 & 1°C with a 70-90 % relative humidity. They were exposed to natural daylight and were kept in metabolic cages, where food and water intake was measured by weighing and the droppings were collected under light mineral oil (Ondina no. 17). The birds were weighed to the nearest 0.1 g. In some experiments only water intake was measured; this was done by weighing after correction for evaporation.
Food, a commercial mixture of seeds, was available ad libitum.
Osmotic and ionic (Na, K, Cl) concentrations were measured on the distal (anal) end of the droppings from the supernatant after centrifugation for 10 min at 26,000 g at 0°C. The distal end of the droppings is located in the coprodeum close to the ureteral orifice, and it contains a higher content of uric acid/urate than further orally (Fig. 1) . The distal parts were meticulously separated from the proximal (oral) ends of the droppings.
The collection period was 4 h. The passage of this time and the following centrifugation procedure do not result in a measurable increase in osmolality of the supernatant (16). The distal end of the droppings has been observed in other birds to be of equal osmotic and ionic composition with the ureteral urine (8, 16). The osmotic and ionic composition of the proximal end of the droppings did not deviate significantly from the distal end (Fig. 1) .
In result of such a metabolic experiment in a single bird is presented in Fig. 2 .
In control experiments the turnover of tritiated water was measured in the following way: at 22 h eight birds were injected intraperitoneally with approximately 100 &i in 100 ~1 of saline with a precision syringe (Terumo). Droppings were collected at 6-10 h the following morning and again at 8-12 h the next day. Six of the birds were dehydrated from 8 h on the day of injection but with food available; two also had access to water. The total body water was calculated for the time of injection from the isotope concentrations in the two samples of "urine" (1.0 pl), and the turnover was expressed as percent of the total body water pool per 24 h. Collection times were taken to their midpoint.
A standard correction for quenching in the urine samples was found by addition of urine from other birds to samples of scintillation fluid. As control of the HTO-dilution technique, four batches of 10.0 ml water were used. Their volume was determined with a coefficient of variation of 1.4 %.
Analyses. Osmolality was measured on the Knauer osmometer, Cl-on the Buchler-Cotlove chloridometer, iNa+ and K+ on the Eppendorf flame photometer, HTO on the Packard Tricarb spectrometer (model 3320) with 10 ml of Hall and Cocking (7) scintillation fluid. Quenching was estimated by external standardization.
The water content of food and droppings was determined after drying to constant weight at 105°C and cooling to room temperature in a desiccator over sulfuric acid. The food mixture contained 13.8 % water. The osmotic and ionic concentrations of plasma were measured in separate experiments.
The birds were decapitated and blood from the neck was collected in heparinized syringes. The values are reported in Table 1 .
Average values and standard errors of the mean are reported throughout. from 0.1 to 0.8 M NaCl was measured (Table  2 , left column). On freshwater the average body weight was 13.4 & 0.3 g (n = 19) and the average water intake was 3.8 ml/24 h. The daily turnover was thus 28 % of body weight. When saline solutions were offered the water intake rose and culminated at 12.0 ml/24 h at 0.3 M NaCl, where NaCl intake from the water also culminated (Fig. 3 ) at 3.6 meq/24 h. This is an 80-fold increase above the intake of Cl-when the birds received freshwater, as iudced from the amount ex- creted in the supernatant of the droppings (see below). At 0.8 M NaCl a similar rough estimate shows a sevenfold increase in Cl-intake, but only a 70 % increase in total output of osmoles as compared to the dehydrated state. At higher salinities the fluid intake fell, and at 0.7 and 0.8 M some birds did not drink at all. The food intake was 4*2 & 0.2 g/24 h (n = 17) when the birds received freshwater and 3.3 & 0.2 g/24 h (n = 19) when they had been dehydrated for 48 h. Although the intake of saline of 0.2 and 0.3 M NaCl was not higher than necessary for the osmoregulation (see DISCUSSION) , it was of interest to check whether the birds drank saline solutions because they wanted NaCl. Experiments therefore were carried out in which the fluid intake was measured with and without dry NaCl present in the cages. First, drinking of freshwater was measured in a group of birds that had access for a week to dry NaCl and a group without access to NaCl. A significant difference was not found. The water intake was 4.2 z!= 0.4 ml/24 h (n = 16) in the NaCl group and 5.4 & 0.6 ml/24 h (n = 16) in the group without NaCl. This indicates that the hypothetical intake of NaCl did not lead to an increased water intake. Furthermore the Na+ and Cl-concentrations in the urine of birds with NaCl in the cages was 6.5 =t 1 .U meq/liter and 22.4 j, 2.1 meq/liter, respectively, in single collections in three of these birds. These concentrations are identical to those of the other birds (Table 2) . In other experiments a 0.3 m NaCl solution was offered with and without dry NaCl present in the cages. A significant difference was not found: 13.6 h 1.7 ml/24 h (n = 8) was found in the group with dry NaCl and 11 .O & 1.5 ml/24 hr (n = 10) in the group without dry NaCl. Thus a special salt appetite was not demonstrated.
Osmotic and electrolyte concentrations of urine. The osmolality and the Na, K, and Cl concentrations of the supernatant of the distal end of the droppings of birds receiving freshwater, birds being dehydrated, and birds receiving NaCl solutions of 0.1-0.8 M are reported in Table 2 (right columns).
The most striking finding is that from 0.5 M NaCl and upward the osrnolality of the saline solution surpasses that of the urine (Fig. 3) . The osmolality was maximal already at 0.6 M, around 1,000 mosM, and equal to the average osmolality measured in the dehydrated state, 1,005 mosM. The average osmotic urine-to-plasma ratios were identical at 0.8 M NaCl (2.79) and in the dehydrated birds (2.78). Birds receiving 0.3 M NaCl had an osmotic urine-to-plasma ratio of 2.43; those receiving freshwater had 1.13. The electrolyte concentrations in the urine reflect the amount of saline being drunk and its NaCl concentration. At the high fluid intakes, 0.2 and 0.3 M NaCl, the cloaca1 Cl concentrations were almost equal to that of the fluids being drunk and the urine was fluid. The Na concentrations were generally lower, reflecting the larger Cl-content of food (see normally hydrated and dehydrated birds) and probably also some binding as urates (12 . As in other birds and other vertebrate species, among zebra finches there are drinkers and nondrinkers (3), which increases the variation between individual birds. At a high salinity (0.8 M) the average concentrations of NaCl in the urine were much higher than in the dehydrated birds-Naf, 117 meq/liter, and Cl-, 161 meq/liter, respectively, compared with 7.6 and 39.8 meq/liter.
The difference is-ceterz's paribus-compatible with an extra intake and renal excretion of approximately 200 ~1 0.8 M NaCl added to a cloaca1 water of around 800 ~1 as occurring in the dehydrated state (see Table 3 ).
For KS-the concentration roughly reflected the total amount of fluid coming to cloaca1 excretion.
In freshwaterreared and in dehydrated birds the supernatant contained roughly the same amount of K+, around 100 peq/24 12.
Cloacal excretion of water in normally hydrated and in dehydrated birds. The 24-h cloaca1 output of water was measured on birds drinking freshwater to 2.4 & 0.2 ml/24 h (n = 13) and on dehydrated birds to 0.8 + 0.1 ml/24 h (n = 9). This gives suficient information to make an approximate calculation of the total water balance with evaporation as the only unmeasured parameter. The calculation is presented in Table 3 . The calculated evaporational water loss related to the calculated 02 consumption, 0.54 g I-Ego/liter 02, was exactly as determined by Lee and Schmidt-Nielsen (11) in the dehydrated state. A pronounced fall from the normally hydrated to the dehydrated state has been observed previously (see 17). The total turnover in the dehydrated state (2.0 ml/24 h, 15 %/24 h of body wt) Fig. 2 ). The fecal water content in normally hydrated birds (83 %) is in agreement with most other observations (18). The water content (67 %) in the dehydrated birds should be taken with caution since priority was given to determination of concentrations of the supernatant and the exact amount of dry matter was less precisely determined.
The calculated rate of evaporation was small compared with the rate of metabolic water production. This seems to be an important part of the xerophilic adaptation. This was also found by and is in contrast to previous estimates (1, 14) .
Exchunge of tr itia ted water . In order to assess the water turnover independently, control experiments were carried out with tritiated water. The turnover expressed as fall in radioactivity of the supernatant of the droppings was determined in six dehydrated and two normally hydrated birds. The 24-h water turnover was 21 & 5 % in the dehydrated birds and 52 % and 58 %, respectively, in the two normally hydrated birds. The total body water was estimated to 63 % of body weight in the eight birds.
The expected (monoexponential) fall in activity of water isotope calculated from the water turnover (Table 3) would be 21%/24 h in dehydrated birds, 53 % in normally hydrated birds, assuming in both cases a total body water of 8.4 ml. A good agreement with the isotope experiments was thus observed.
DISCUSSION
In this study the ability of the Australian zebra finch to drink 0.7-0.8 M NaCl (13) was confirmed.
This is in contrast to the domesticated zebra finch, which only drinks up to 0.5-0.6 M NaCl (11). C oncomitant with these findings the maximal urine osmolality in the wild bird was found to be 1,000 mosM in this study, compared with 700 mosM in the domesticated bird (18). Furthermore, the Australian zebra f-inch had a maximal fluid intake at O-3-0.5 M NaCl, whereas the domesticated bird had a maximal intake at 0.2 M NaCl.
Since selection pressure--ceteG pa&us-would favor birds with a good concentrating ability, it is reasonable to assume that the rapid buildup of the zebra finch population that occurs after a drought (14) would be based on the best concentrators.
The zebra finches in this study were collected in an arid region. They did not deviate in ability to drink saline from those of Oksche et al. (13) collected at a more humid habitat near Perth. The large mobility presumably prevents break in gene flow and no variation is to be expected (14). The high intake of 0.3 M NaCl in this study can be explained in a straightforward manner (see Fig. 3 ). If 12 ml of 600 mosM solution can be concentrated to 900 mosM, 8 ml is lost in the urine. This leaves 4 ml "free" water, which is equal to the normal consumption of freshwater. Thus no special salt appetite needs to be postulated.
The ability to utilize saline solutions may be of physiological significance.
The zebra finch seems dependent on water during its life as a common species in the arid interior of Australia (5, 6). Although the water of water holes even several months after the last rainfall rarely contains Na+ of concentrations higher than 40 meq/liter (6), a Cl-concentration of 309 meq/liter has been measured in January at a natural water hole at Mileura Station, where the birds of this study were caught. The zebra finches were still observed to drink (S. J. J. F. Davies, personal communication).
Two findings common to both the Australian and the domesticated zebra finch need to be explained. Both groups can live without water when fed dry seeds alone (or at least some individuals can) at neutral temperature and humidity. Both groups will voluntarily drink NaCl solutions of an osmolality approximately 40 % higher than the renal concentrating ability. Both findings are probably related to the high rate of metabolism characteristic of very small birds (9). The first finding seems simply to be due to the low evaporative water loss, 9 % of body weight responsible for 60 % of the water excretion of the dehydrated bird, and due to their good renal and cloaca1 water conservation.
The second finding may be directly related to the high rate of metabolic water production; because of this, the intake of fluid of high salinity amounts only to a small fraction of the turnover of body water in the dehydrated state. The intake of 0.8 M NaCl was 400 pi/day measured directly (Table 2) and approximately 200 ~1 calculated indirectly from the cloaca1 discharge of NaCl (in solution). These values are thus 20 % and 10 %, respectively, of the turnover of body water in the dehydrated state (Table  3) . Although the intake is small, the birds would presumably not drink the saline solution unless it was beneficial in some way. The saline solution gives water to the bird, probably enlarging the extracellular volume, but the osmolality of the drop- 
